Objective: The objective of the proposed method was to develop an accurate, rapid and cost-effective stability indicating a reversed phase high-performance liquid chromatographic method for the determination of azilsartan medoxomil. Materials and Methods: Chromatographic separation of the analyte from its degradation products was achieved on QualisilGold column with a mobile phase composition of Acetonitrile and 0.2% Triethyl amine[pH 3.0], [62:38%v/v] at flow rate was 1.0 ml/min, the eluents were monitored using PDA detector at 248 nm. Results: The method was linear (r 2 = 0.9997) in the concentration range of 20-120 µg/ml with acceptable percentage relative standard deviations for Inter-day (0.22 %) and Intraday (0.31 %) precisions. The result for accuracy study was 99.92-100.29 %. Conclusion: The method has proven specificity to quantify azilsartan medoxomil in presence of its degradation products formed in stress studies. Five major degradation products were found in stress studies, among them impurity-4 was identified and it was also observed that the drug was more susceptible to thermal and photolytic degradations.
INTRODUCTION
Azilsartan Medoxomil (AZM), chemically an ester and is named as 1-3 AZM appears as white crystalline powder, practically insoluble in water, freely soluble in methanol, dimethylsulfoxide, and dimethylformamide, soluble in acetic acid, slightly soluble in acetone, acetonitrile and very slightly soluble in tetrahydrofuran and 1-octanol. AZM was approved by the food and drug administration (FDA) in 2011 and available as 80 mg and 40 mg tablets. The literature review on availability of analytical methods for AZM revealed an UV spectroscopic method, 4 stability indicating high performance thin layer chromatographic (HPTLC) method, 5 few liquid chromatographic (LC) methods [6] [7] [8] [9] [10] [11] and LC-MS methods 12, 13 for the quanti fication of AZM in bulk drug, plasma and in combination with other drugs. There are two reports on the estimation of azilsartan medoximil by HPLC viz. Walid et al. and Paras et al. respectively. But these methods were not stability indicating assay method(SIAM). Though reported methods 8, 9 were titled as stability indicating assay, there was no information on degradation data such as % degradation, mass balance and a number of the degradation product, intrinsic pathway, labile nature of drugs etc. Hence those reported methods are absolutely not reliable for stability indicating purpose. However, Debashish Swain et al. has published an LC/MS compatible method and also LC/MS/MS method for the forced degradation studies of AZM and its potassium salt. 13 In the article, they had discussed the intrinsic pathway of degradation for the five degradation products formed during the forced degradation study. In fact, there is a significant effect of salts form and stability of drugs and their intrinsic degradation pathway. In the purview of above discussions and based on non-availability of reliable and sensitive stability indicating RP-HPLC method for AZM the present attempt was made to develop SIAM by reversed phase HPLC method and to validate as required by International council on harmonization (ICHQ1) guidelines. Thus the developed method could be more appropriate in the quantification of AZM in presence of all possible degradation products during stability testing protocol.
In this attempt based on the degradation profile, the most common impurity was chemically synthesized, characterized and verified.
MATERIALS AND METHODS
Standard drug of AZM (99.99 %) was kindly provided by Aurobindo pharma Pvt limited, Hyderabad(India). HPLC grade solvents were procured from Merck Pvt Ltd, India, and Orthophosphoric acid, Triethyl amine was obtained from Qualigens, Mumbai (India). All glass wares used were calibrated for class A type. Agilent LC 1200 system equipped with photodiode array detector (PDA), EZ chrome elite software, 20µL rheodyne manual injector was used in this study. Chemicals were weighed using calibrated Axis LC GC balance. pH measurements were performed on Systronics Digital pH meter 802.
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Optimized chromatographic conditions
The optimum condition for chromatographic analysis of AZM and its degradation products were performed on a reversed-phase LC-GC Qualisil Gold-C 18 (250 ×4.6 mm, 5µ particle size) column. The mobile phase consisting acetonitrile and 0.2% triethyl amine buffer (pH adjusted to 3.0) at the ratio of 62:38 % v/v was pumped at 1.0 ml/min flow rate. The contents of the mobile phase and all samples were filtered through 0.45 µ membrane filter and degassed before analyses. The eluents were monitored at 248 nm for quantification by diode array detector (DAD). Peak purity was assessed by purity plot. Various experimental trials carried out for the optimization of chromatographic conditions for the analysis of AZM and its degradation products were shown in Table 1 . The system suitability parameters of the developed method are shown in Table 2 .
Preparation of calibration standards of AZM
Ten milligrams of AZM was accurately weighed and dissolved in 10 ml of HPLC grade acetonitrile to get 1000 µg/ml. From this stock, stock solution working standards ranging from 20 -120 µg/ml were prepared in the mobile phase and injected in triplicate. The concentration (x-axis) versus mean peak area (Y-axis) served as a calibration curve for quantification of AZM. Regression coefficient was used to validate the concentration range and regression equation was used to quantify AZM.
Stress degradation studies of AZM
Degradation of AZM was performed under neutral, acidic, basic, oxidative, thermal and photolytic stress conditions. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Degradation was induced at a concentration of 1000 µg/ml. At different time points, 0.5 ml of degraded solution was diluted with mobile phase to 10 ml(50 µg/ml), pH was adjusted between 3-4 with dil. HCl/dil. NaOH and then analyzed. The Blank solutions were also prepared and analyzed under the optimized chromatographic conditions. The chromatogram of blank, dosage form and standard stress solutions were compared to identify the degradation product. The percentage degradation was calculated based on peak area of degraded AZM and peak area of control AZM. Results of degradation studies are shown in Table 3 .
Preparation of Stock Solution for stress studies
Weighed a quantity of 10 mg of AZM was carefully transferred into a 10 ml volumetric flask, dissolved completely in water (for neutral degradation studies) and the volume was made up to get 1000 µg/ml. The same procedure was used to prepare stock solutions for stress studies viz for acid hydrolysis, base hydrolysis, and oxidation respectively with HCl (0.1N), NaOH (0.05N) and hydrogen peroxide (0.3%). Thermal degradation was carried out for solid State AZM by heating the samples over a period in a hot air oven, at 70 0 C. Photo-degradation was carried on solid Sample by exposing to natural sunlight. Blank was analyzed under the same condition to assess the method specificity. 
Hydrolysis
Stock solutions of 1000 µg/ml were prepared in 0.05 N NaOH (Basic), 1N HCl (Acidic) and water (neutral) at room temperature. Samples from acid hydrolysis were neutralized with 0.1N NaOH and the samples from base hydrolysis were neutralized with 0.05N HCl. For acid and neutral degradation, the samples were withdrawn periodically at 0, 1, 24, 48 h and for up to 8 days. The solutions were then suitably diluted to obtain (50 µg/ml) and injected under optimized chromatographic conditions with appropriate blank and control. For alkaline degradation studies the samples were withdrawn at 0 and 20 min, suitably diluted and analyzed by the optimized chromatographic method.
Oxidation
Stock solutions of 1000 µg/ml were prepared 0.3% hydrogen peroxide at room temperature. 0.5 ml volume of sample was withdrawn at different time points viz. 0, 30, 60, 90 and 120 min, diluted to 10 ml with mobile phase (50 µg/ml) and analyzed by the optimized chromatographic conditions against the suitable blank solution.
Thermal degradation
100 mg of AZM in a dry Petri dish was exposed to heat in a hot air oven at 70ºC. At various time intervals(0, 1, 3, 6 h) , 10 mg of the heated solid samples were weighed, suitably dissolved, then diluted with mobile phase to get a concentration of 50 µg/ml and analyzed by the optimized chromatographic method.
Photo degradation
Photo degradation studies were carried out by exposing the powder sample under sunlight for 8 hrs. at various time intervals (0, 1, 3 and 6 hrs), 10 mg of the solid samples were weighed, suitably dissolves, then diluted with mobile phase to get a concentration of 50 µg/ml and analysed by the optimised chromatographic method.
Preparation of sample solution
Twenty tablets were weighed and powdered. A quantity of powder equivalent to 50 mg of AZM was weighed accurately and transferred to a 100 ml volumetric flask. A small quantity of methanol was added to dissolve and sonicated for 15 min. The volume was made up to the mark with the same solvent and filtered through a 0.45 µ filter to give 500 µg/ml of AZM. 1 ml of the above solution was further diluted to 10 ml with mobile phase and analyzed. The results of the assay are shown in Table 4 .
Method validation
The developed method was validated as per ICH Q2 guidelines 24 for various validation parameters viz specificity, selectivity, linearity, precision, accuracy, limit of detection, limit of quantification and robustness. The results were shown in Table 4 .
RESULTS

Method optimization
AZM was optimized at 7.4±0.1 min with acceptable plate count (>5000) and asymmetric factor (1.05). The method was validated for its specificity for AZM in presence of its degradation products. In stress sample run, it was observed that five major degradation products were formed with a retention time of 2.7±0.1 min (Impurity-1), 3.3±0.1 min (Impurity-2), 3.9±0.1 min (Impurity-3), 4.5±0.1 min (Impurity-4), and 5.0±0.1 min (Impurity-5). The peak purity and resolution among the impurities were good. The % of impurities formed and % degradation of the drug and corresponding mass balances were detailed in Table 3 . Mass balance was calculated based on % area normalization method. Flow rate (0.1 ml/min) 2.14 % (RSD)
Validation of the method The method was validated for all validation parameters as per ICH Q2 guidelines. 24 The specificity of the method was good and it was proven by analyzing stress sample. The resolution between AZM and its degradation products were more than 2. The peak purity was assessed by purity plot and was found to be satisfactory in all stress studies. The linearity for AZM was established in the range of 20-120 µg/ml. The correlation coefficient (r 2 ) was found to be 0.9997. The precision study was carried out at 25, 50, 75 µg/ml. The % RSD values for inter and intraday precision were less than 1 indicating that method is highly precise. The accuracy of the method was validated by recovery studies and was found to significant and within the specification limits, with % recovery ranging from 99.92-100.29% (within the acceptable range 98-102%). The assay result for the marketed tablet was found to be 99.64 % (i.e. within 95-105%) with % RSD of 0.28%. LOD and LOQ of the method for AZM were 0.0186 µg/ml and 0.0613 µg/ml, respectively. The robustness of the developed method was determined by analyzing the samples under a variety of conditions of the method parameters, such as a change in flow rate (±0.1 ml/min), pH of the buffer (±0.2 units), mobile phase composition (±2%) and wavelength (±2 nm). The % RSD for robust studies for the standard sample was found to less than 2, indicating that method is robust. Validation result of the method proved that the developed method is specific, accurate, precise and robust for stability indicating assay of AZM. Results of validation data were shown in Table 4 .
Identification of Hydrolytic impurity (Impurity-4)
With reference to the impurity -4 at 4.5 min, chemical synthesis was carried out in 10% NaOH under reflux, in order to completely hydrolyze azilsartan medoxamil to azilsartan and medoxamil. The formed crude product was recrystallized with ethanol. The reduction in retention time is due to increased polarity of azilsartan (impurity-4) as compared to AZM. The compound was spiked with standard AZM and injected into the system. The retention of synthesized impurity -4 (azilsartan) was similar that of impurity formed in hydrolysis. Further, the structure of impurity ( Figure. 
DISCUSSION
In the preliminary experimental run, AZM was separated on C18 column with trials using a mobile phase consisting of water and methanol at a different ratio. The drug was found to be retained, but the plate count was less than 1000 with very poor tailing factor. Considering Benz imidazole and oxdiazole cores in the chemical structure, 0.2% triethylamine (TEA) was used as the aqueous phase at a pH of 3.0. As a result, retention was further increased with minor improvement in plate count and tailing factor. Then, the mobile phase was switched over to the composition containing acetonitrile and water at a different ratio. With acetonitrile, it was noted that peak shape was good with plate count of more than 5000. But still, the tailing factor was more than 1.5. To achieve better specificity and to avoid method failure in stress studies, 0.2% TEA in water (pH adjusted to 3.0 with ortho phosphoric acid) was used as an aqueous phase. Change in pH to 7.0, reduced the platelet count and increased the tailing factor. Unlike other methods, in this method phosphate buffers were avoided, to make this method as LC-MS compatible. Finally, the optimized method arrived at 62:38% v/v. of acetonitrile and 0.2 % triethyl amine buffer (pH: 3.0) at 1ml/min flow rate by PDA detection. The experimental trials and system suitability parameter of the method were shown in Table 1 and Table 2 . The developed method has explored five major impurities, Viz2.7±0.1 min (Impurity-1), 3.3±0.1 min (Impurity-2), 3.9±0.1 min (Impurity-3), 4.5±0.1 min (Impurity-4), and 5.0±0.1 min (Impurity-5). The system suitability parameters satisfied the regulatory requirement to quantify AZM in the degraded sample. The detailed discussion on degradation is appended below.
Acid induced Degradation (0.1 N HCl for 5 days)
AZM was degraded to 22.48% with one degradation product (impurity-4) at retention times of 4.5±0.1 min. The assay AZM was 77.31% and the chromatogram is shown in Figure 2(b) .
Base induced degradation (0.05 N NaOH for 20 min)
AZM was degraded to 20.51% with one degradation product (impurity-4) at retention times of 4.5±0.1 min. The assay AZM was 79.31% and the chromatogram is shown in Figure 2 (c).
Neutral Degradation (water pH: 7.0±0.2 for 8 days)
AZM was degraded to 11.48 % with one degradation product (impurity-4) at retention times of 4.5±0.1 min. The assay AZM was 88.52 % and the chromatogram is shown in Figure 2 (d).
Oxidative degradation (0.3% H 2 O 2 for 2h)
AZM showed two degradation products at 2.7±0.1 min (impurity-1) and 4.5±0.1 min (impurity -4). Total degradation was found to be 26.04% whereas AZM assay value was 72.95% and the chromatogram is shown in Figure 3 (a). 
Thermal degradation (dry heat at 105°C 6 h)
Four impurities were formed in thermal degradation of solid AZM at 105⁰C with retention times of 2.7±0.1 min (Impurity-1), 3.3±0.1 min (Impurity-2), 4.5±0.1 min (Impurity-4) and 5.0±0.1 min (Impurity-5). Total degradation was found to be 28.17% whereas AZM assay value was 71.63%. The chromatogram is shown in Figure 3 (b).
Photolytic degradation (sunlight for 30 min)
AZM was exposed to photolytic degradation in sunlight for a period of 30 min. the degradation was observed with three degradation products with retention times of 3.3±0.1 min (Impurity-2), 3.9±0.1 min (Impurity-3), 4.5±0.1 min (Impurity-4) and 5.0±0.1 min (Impurity-5). The assay of AZM in photo degraded sample was 66.17% and the chromatogram is shown in Figure 3(c) . Ester hydrolysis will be a most common intrinsic pathway of AZM, the impurity formed will be its parent drug. The developed method has shown very high resolution between Azilsartan (4.9 mins) and AZM (7.3 mins), and thus method is highly reliable to quantify AZM and its hydrolytic products. To summarize, AZM was labile for all conditions. AZM was found to be more extremely unstable in the base and relatively more stable in acid and neutral pH. Susceptible nature of AZM is due to ester functional group present in the chemical structure. It was noticed that there was only one degradation product formed in acidic, basic and neutral conditions. Thus impurity-4 (4.5±0.1 min) formed under all three conditions, could be azilsartan (a hydrolysed product of ester) which was supported by spectral studies. The other product of ester hydrolysis (5-methyl-2-oxo-1,3-dioxol-4-yl)methanol, was not detected due to the absence of conjugated system or weak Chromophore or due to further hydrolysis of dioxol group. The mass balances were found to be more than 98 % indicated that the method is suitable for detection of all possible impurities. The Impurity-3 (at 3.9 min) was found to a specific impurity formed in thermal degradation. Impurity -2 (3.2 min) was the major impurity found in photolytic degradation. Resolutions among these impurities were satisfactory. Resolution of AZM from degradation products were more than 4. All degradation products were eluted before 5.0 mins whereas AZM was eluted at 7.3 min.
CONCLUSION
A new specific stability indicating RP-HPLC method was developed for the estimation of AZM in the pharmaceutical dosage form and validated according to ICH guidelines. The method was found to be specific for the detection of all possible impurities in the dosage form under 
